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B B IERRBIERAC B B A AR BTN T A MR ASERAE, B RHEE . S04 ks
), R T R T AR S AL RS A AO-SBR I B B R WAL A, BT RN REMBLARRE, o
M THAEZRWIBEERE, TEREREN T TAMWEEBITMA. PR, NREERE KA
e ol 1.000~2 500 mg- L', i SBRY pH & 6.5~7.5. DO N 1.0~1.5 mg-L™", #hn B A o8 35 Bk K Bk & e A
1.4~2.0, i FNAMHI S T MR M AT KRB E MR E BT, BEWN B RG hry RN
90% Lk b, FAEEREN80% UL b, BAERE N 50% it . MR B0 2 A e BRI, 3l i A
A S5z i Ak 38 A3 R Ak B i Ak 8 A2 2 Bk i) B G 6 e 43 T o 4 B R 2 R B A 1Y) 74.8% 1 13.5%. AO-SBR 45 R Al Ak S
T AAE b B DR IR FALEE T 20T DUl SR 8 T 2 B i K 2ok, e KA RIS bR, %4 B I8 T Ak
T 2817 AR L E R BRI 2) 30%. SERR AL R WAk T 2 B R & R I T 2 3017 37 0 75 DB T A 3 HL A R I
ST AT . LAE AR OT 5 SR R Oh by 308 e VR AL R T IRAL B T2 A T R R R SR

KR LIRS IER AL EE; hidl; AO-SBR; K ARAN LA Ak

BB DEIR I A B AE TR O s e ek B b, th TR ALY . A 8K LUK
ARSI Y KAE AR I S — il mg MR B K o BB IR WK BT 52 B B 4E . SECHR I ] L
R BC U N K A 2 i PR R S AR AT, H R — R R R A A (AT VR O 1000~
3:000mg L"), fRERA L GEIR BB UE W COD/N<0.1), AHLYFME L HiE 4% I ERERN
LA TR AL PR Y HE A 2 A SRS b, K™ U R XCOK . R BR B R 2 4P

AT, SP2 IR WAL B 2R FI A E 5SS By, st A B A fbab B,
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JE 4k B4 R B TP I8 BIHEHOPRES s WOk I & ROCR T2 E « AR BRI E BB IR T
AL BT 2050 (HW G i AR A7 A B S g e i T AR A R R IR TY pH . AR S IR R R T 2
L SEISA s AR A KR, SR B AR RE s OB AE RS, B R TG R
5o WA U HERAE T B | T2 L B S RO E AR A, BT O [ N SN 17038
OB R AR 0 AL PR o {H R T B30 8 UE AR LA, SR A% G F A S il AL I R T Ak B
I, FAAERRIRBOINEE R . BT REFE W« M AR A (R, S A Al AL S i £k (PND) T 220 48 H%
iR Ao i R 42 o A S A B B, PR T B A A P ORI A U O R R Y SRS
AL SRS AL AR T, 8 B AT 5 2y 259% fFE S FT 40% Y Bl i 12 SV B BIF 5 3 o) A AR A Ak
f AL A BT 38 5 BRI AT T R RO, Gl P pH L R . PR ENAGH IR ) . FAGHE B
R). GRS FMF A SRR R R, HEFR 2 SR NS, MU T 5T i
JLAIE

AT X BRI T HE L35 U8 Ak BT 28 W AL BE T A7 e I A RCR AN L s A7 2R
1 A SE BRI A, O R T TR P A S A AL B B2 3B DR IR IR BE B A ST o Al BEK R A
AHA 200 m-d ', A T /NELR IS DR WAL BRTTORRE ol RSB BRI A BT 2 R AR W R
#% (MBR) Z A AL S AL B AR, S J7 (2 i WAL B FEAT FeR 2 iE , A WF5E ] AO-SBR [ i #%
PRI E . 5T Je R A SR AL B IE DR IR TILAL BT 2R B MR E s AT i A R [ K
file b 7 S R R R R G R, SR TR A AR R B AR A D BB DR VR AL BE T2 A AT AT
Mo ARWE SR N d7 B DR A BT UL B T L R TR PR A S G SR S 4 0 2
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Fig. 1 Schematic diagram and site photo of the AO-SBR reactor
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Y, FEKFESH N pH=8.3~8.6. B J¥ 7 000~12 000 mg-L™', COD 1200~3 000 mg-L™", E % 1200~
2700 mg-L™', Z A 1000~2 500 mg-L" SZ56 A ik 3l 58 43 i 7 sk AR i A A K T A i R, DL AR
FIEOK AT A A . RS TR A B WAL BE) T 9 AO-MBR %3t , 75 e MLSS % JE 4 7 086
mg-L™', MLVSS ¥} 5668 mg'L", 151 EkiH {1,

S £ B R A2 AT T ik AEBRHIPEBES)8 hy MBS 2h, ULIE 0.5h, ¥#/K 1.5h, FKiE
P2 TR IOV AS I LL 29k 421, UUVE 5K TP i SC P IR o /K i A aE 22 56 AT 2 (R 5 R 4
Yo Bl 35~38 °C, 3 it VA T B XUHL A Al SBR Yt DO R 75 1~1.5 mgrL ", 38 i 9 35 7F K Bl
SBR it pH PR 5K 6.5~7.5. [ 5 Ji s B Be AN HEVE , AR Ak i b 35 U TR B AR 2 4 HF 72 5 000~6 000
mg' Lo RV ARIE TR Bt (1~10 d) R E Mo TR AR, JRR AT TIFiE1T, W ARSR
BE LA B 158 11 KIFLR .
1.2 SHmESNERE

ST WA E IR EE, COD., &A . WARSAR . Bl 58 MUK S br 24 5 R 5 m e 0y 1k U ik A7
WE o B BS A ECR B 54 (IC-AS23 [ T4l 2% . DIONEX ICS-600) il & ; &2 i S L
fk 43 At 4L (TOC-L CPH/CPN ll 2& 4%) M & ; DO & & Al pH 43 Jill 1 FH %5 f#% % ¢ (model 6308DT,
Jenco) il pH 11 (model 3675, Jenco) #E47 7L *E .
1.3 BEFESH

45 WY iy ] RE T TSR BT R A W R g T R AN = (1)~ (4) BR . AN AR R
N UL (D), mA RN W (2), S Ab SRR W(3),  BR At AR R WL (4)

55NH; + 760, + 109HCO; — CsH,0,N +54NO; + 57H,0 + 104H,CO; (1
400NO; + 1950, + NH;+HCO; +4H,CO; — CsH,0,N +400NO; + 3H,0 )
NH; +1.830, + 1.98HCO; = 0.021CsH,0,N +0.98NO; +1.04H,0 + 1.88H,CO; 3)
NO; + 1.08CH;OH 0.24H,CO; — 0.06CsH,NO, +0.47N, + 1.68H,0 + HCO; (4)

2 #HR5iTE
2.1 AO-SBR #4382 T Z &9 Bt R &8
FR A HE K G fof A BEECPERE . DB AO-SBRI I #5113l F2 40k 3 B B, 4% B BE Y- ik K &
RAAr 550 03760511, 0.489 kg (m*-d)"'s Pk I35 B BF ] (HRT) 4394920 5. 3.6, 3.1d.
551 B RS (1~60d), 7EILBYBERYET 10d, AR EREH 75% FH 8 £ 95%, SRR
VI TR, WANIEEeH 41.9% FHE 5 99.2%

(B 2)0 3 LT L 2R S 0 260K £ OF 1 4 2 3500 TR PR BBy g
1 AR A AL A A A 2 AU NOB ~ 3000 g e g 1100
M 27 BN A 21 KR TR A AU B R R ERn g s
EUAHE 05 LU L, REBRENERMIE 5 el §Y S
AW N 30 K, BAERETHEE 2 0l | o =
90% ey, iR, 5 30 K SBR it FNA = ol et 50

JoR v B f i AT 3k 0.221 mgeLt, &b T RS ARG AE % : 40 80 20 160 200 40
FH 32 320 30 ] FNA ¥ PO YE BN (0.22~0.28 EfFtiE)d

e L), VB K I AL F W i KRR WA —

A AE ORI 8 i il . 565 T B BE R B for 2 AO-SBR fELMIRE B TR 1L %

2 7t ] (61~100 d), W B R R BR R Fig. 2 Nitrogen concentration and nitrosation rate

90% T P& 2 80%, K Z & i far 5% hn B b 5% in the AO-SBR
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AL N B R 2, BB Be AR 1B 1T (101~190 d), A2 335 S 4% M 1B 08 WK Bt LA A
Fi e B B sg ), B B A L B RE AR E, AR 80% LU L. FEIB AT &5 146 K
F, S KRR E =ik 3300 mg L™, Az b 7 Z AR S 808 B g b K TR T A s, O 40
SBR i pH [ 7+ % 8.0 £ 4 . E A % AO-MBR -4 il 1 [11 37 Yo K TR A ) &5 SBR s Fi Bk . N7
DA REGEIKE IEH, MR K E T EWRE N60 mg L. BRE KRG, HALZE T
BOW A AL R AR E PR AE 90% LA Lo A6 N 255 shw i, HH 7K 7 A 24 00 e 8 24928 200 mg L™, TE
I JH T K BRI SBR Y pH, i FNA JT i ik fe =ik 51 0.111 mg L™, oAb T NOB B 14 56 42 %
FI M B e B PO Y L (0.026~0.22 mg- L"), ifii AOB B 3% 1 9 A& Z 25, ik, % 4% NOB
DA TR e, X U A A rh RS T S A i R Mk B FINA W] DSy 3 9 U R A AR SR AR )
P S MR e 817 .

T 57 3 75 U8 D H R I 3B U R L HE R R, e S 06 rh e B Y 9 T DR K B R
b, DASE s Bk ol A=Akl . SEER RO R S AL, LR A R 3 o, ESE T BB, REF
) CODN 210 2, BREFREH 70% T HEE 60%, B BEN ARG R, FNA W E X
FHE 2 0.247 mg L' BOAR SR EE FNA 252 W R AL B 16 42, (ELEVR S BR R A FR SRR AIL, X
Uk B R Ak TR OGS Mk B FNA R AE B . 2B

T By E:-#4 ACOD/AN 25 % 2.1, /b TFA5 54k mwlmwin%m 100 43

5 3 RE L L 2,86, Sk 0T E W A AR ; 50

LR e kL. EHTHE, RETY 3 i R EE-
COD/N F [ 1.4, F ¥ ACOD/AN {k & 1.8, = IR 2 2
BR LB RAEE 40%, LI COD/N 1 W # 2y x -x@%ﬁﬁﬁﬁwwglﬁ
RMARANCRIO BRI R, ERIMHES T 5 e Tl Biaad |2

¥ CODNN |7+ % 1.8, 3 ACOD/AN %% 2, S R S SR PR I

R B A A SO A T S P e

R TE S5 2L EGSB IR S8 A= W) S g rh 4k Lk 47 o KB s HUKBE

AL BB 16 R R G AE AT R AT BB o AR THCODN

RV K R SRR A (s B R, (AR B3 AOSBRHFRIREEREMENTL

Fig. 3 Changes of total nitrogen mass concentration and its
removal rate in the AO-SBR

AR AR AR E DL RSCR, WAL BE T4
HA — g Tif oo a7 BE ] -
22 HBFHAREESHK

RGP RN LR TR Z R s te, B TR AL A AL . 1% Gl Ak 52 a1k 45 A 0 Bt /Ui
7, RN i R ot G B DR A i i AR TR B, 0 0 o U 8 i ek i < MK rp B i
o B, A BT RN REARYEPEHE R, BB ARSI ey B2 m . HIWT RN 4B 1T
R

LA MBI B b s i A7 20 120 Rk K $is (& 1) oo, AR 8 A W 0B 0 O 7 (=X (1)~2X
(4)), MBRE . COD JHAE R ik K BT EZ WA OC R T, 15 5] AO-SBR #7 J& # Py 4 2 5% 1k 1%
(] 4). RO A LSRR . 2 AO-SBR [ b #F #E /K B A faf o4 0.739 kg-(m?*-d) ' i, 3 4 e A
it S AL A 2 BR A B R AT 0.323 kg-(m’-d) ', (54l SR EBR AR 74.8%; T 4 AN AL B A
b T8 2R3 A2 2 B A0 A R B 7 o B R RS BR T T 9 13.5% PR DL RT 0, SRR A Ak S A Ak R B AO-
SBR H i f J #5 B AU R B AR . FE RGN AL B, COD PRI FE & (2 375.65 mg' L', &M
FH i 1 246.07 mg L") 3zt /N T4 & A A% 40 0 /U il Ak B BRI #E Bk i (3 602.94 mg-L"), 74 2 34% FH
FLIK I -
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1 HBBFHR N AR KK BUIE R

Table 1 Water quality of influent and effluent in a typical cycle mg-L™
pIN = B COD B AR WABAH AR
AR 1357 8 10 023.50 2 486 2442 2160.41 0 0
A K 1006 1356.42 1015 269 597 36
6.48% S5 AR
Lt mis
167.09 mg-L!
AL
B FEREL A=
SRR AL IR — 381L19mg-Lt L=
68.16% 44 Sizh 1 067.56 mg - L WFECOD
- THAGHRE \ 182553 mg-L-!
1664.56mg L | oo oc mg L 24.45% A
597 mg-L' 7 RS
KK BT
HEIKOK 15.64% A SR LA B 1015 mg-L!
o 64% 44 7 A o ,
S 2422 mg- L - ENAA A 269 mg- L
2 16041 mg- L 382mg-L" T 597 mg-L-
fiAA: 36 mg- L
1.47% 58 AR
_— .
0.35% AL SRR 36 ma L -
Js¥= ) SRR
228.35me-L7 | 65?%%1&- L' | 7.88% B4 FREERUE e
“4smg S8l 686.69 mg-L"! A ,
192.35mg-L! JHAECOD
550.12 mg-L™!

B4 BAURHARNBAREEN
Fig. 4 ' Nitrogen conversion in a typical cycle

2.3 AO-SBR FitIB T ZH AR EFAITHE D

BB I W 4 AO-SBR T ib ¥ T RS , 18 7 il ik EGSB IR A= W) O i 7% +AO-MBR+4) i
(NF) S TJF, LLEB B AR . EGSB R & A W) 5 I a4 F 2 o 10 Ah 38 7K b 6 4% 1 ST i 285 20 AR
43 COD, kb FE+EGSB ¥ 3 7] 58 1 80% M A L FRAUAT: 55, AO-MBR .25 K BRFI 4% 20% S A5 XERE
fift COD, £ NF J& Wy 28 KK ik 3] Az 36 B S 388 3 75 e s il b e ) B ol g4 HE . 78 ik
WIE, REEA T 2B KK WA 2, BB WAL 1 3 G ok K Ba WL IET 5. J R i 1k i i Ak 98 ik
HTANKE FE T A0S, ¥WaARH bR e, UL Eg5 R RUHT, R a1k ) a4k T 208
G 7 AT BB IR W AL FAEBOR R AT AT I

AO-SBR L. EEIa AT AR L7 2 (HBE) . AT 2%, W T2 FE8 st A
50 5 (A K BR) . RN T 2% FE KRR ESITTMEN T, 2F S T 20 E2iair

R2 RELETIZEBRHKKR

Table 2 Water quality of effluent from each process section of the system mg-L™!
TZBAR CoD AR NAT e FHAS R BA
JK 14424536 1 735+426 0 0 1 950+430
AO-SBR 1759+411 234+106 524+126 1545 835210
EGSB 1 145506 232+110 49+14 5+1 354+152
AO-MBR 837+522 12+7 0 64 45+12

NF 65+18 342 0 1.5+1 2549
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WH 3. RIS REH  RAYE . B MOT R e KB o HKCOD
W AE KB TR B, AO-SBR 1R B3k & 120 -

WA AL T2, HFE a7 A R W) T0F . o 8 oo /o
i 709% #iAi . WEAh, AO-SBR T2 A #h L D gl B e LT, e
FE B HARAERT B, SR T 245 5 7 e KR §6w°f%qf: TN s
N M S N - o 0% N eé%'% 020 0505 o O
B, SEOLAIE YR £ T AOSBR T4 ool EETSA T
VIR il R R, z“ﬁ%ﬂ%%%%%i@ﬁﬁ
SRR 9 A T . IR, AR T : <5 el
K RN ETSRATIE T, 1B MBS IE R T AL 00750 40 60 80 100 120 140 160 180 200
BT 2, AO-SBR % 2 WK I H A W] W 1 28 % EATHIN

e, Bl5 RG&&HKKE

Fig. 5 Water quality of final system effluent

#=3 AOSBREEMBIZHEEZITEALR

Table 3 Comparison of main operating costs between AO-SBR and ammonia stripping

T EAS Ko Bh FH/OEm?)  BHEITOE M)
P 1.2kg'm? 470 kg 4.800
AO-SBR 2% 5kWh'm™ 0.7327%- (kWh) ' 3.660 9.571

AT %% FERIA 400056 H™ 1.111

AR 18 kg'm™ 0.37Ckg" 5.400

9% MR 8 kg'm 0.370kg 2.400

SR A 13.669

R 6.5kWh-m” 0.7327¢-(kWh)™ 4758

AT 3% AR UN 4000c-H ™ 1.111

1) HIX AR 9 AO-SBR 4 Rl A S il Ak b I 2 DB W P A 3 T 2 W A SCR R4, 5P 3K &
AU N 0489 kg (m®d) ! B, B L R ik 80% LA L, HLBRAIL N 188, MALKREN
50% fEAy, R A SR R K R

2) 2% AO-SBR JZ JWi K 2R 5 My 0.739 k- (m?-d) ™ A, 3 J61 L AL 2 il AL i R 5 B O
R A 0.323 kg (m’-d)™", o 4 SVE L BRI 74.8%, 450 DL S FRAS AL SRS AL i EE A28 3

3) AO-SBR i & firf 1k J i Ak i Ak B T 20 i /K 283 J5 22 EGSB IR AE Y I v #% . 2% AO-MBR
NF T. 2 b PR Al DL 2 HEBCPR #E, AO-SBR FEZE BT LA K 9.571 Jt-m™, BEMM 1.2 E8iatr
AR 70%

2 % X Mk
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Abstract When ammonia stripping is used as pretreatment process of a landfill leachate treatment plant, the
problems such as poor denitrification effect, high operation cost and secondary pollution will occur. A pilot
study of partial nitrification-denitrification based AO-SBR process for landfill leachate pretreatment was carried
out to solve the above problems. Its nitrogen removal efficiency was investigated, the nitrogen migration and
transformation path of a typical cycle in the reactor was analyzed, the final effluent water quality and operation
costs of pretreatment process were also calculated. The results showed that when the influent ammonia was 1 000~
2500 mg-L™", the pH of SBR tank was 6.5~7.5, DO was 1~1.5 mg-L™', the ratio of carbon to nitrogen was
adjusted to 1.4~2.0 by adding methanol, the start-up and stable operation of the partial nitrification-
denitrification pilot system were realized. At the stable stage, the nitrification rate of the system reached above
90%, the removal rates of ammonia and total nitrogen were above 80% and around 50%, respectively. The
nitrogen balance analysis indicated that 74:8% and 13.5% nitrogen loads were removed by the partial
nitrification-denitrification and the complete nitrification-denitrification pathways, respectively. The effluent of
partial nitrification-denitrification-based” AO-SBR can meet the water inlet requirements of the subsequent
processes, and the final water output can meet the pipe receiving standard. The main operating cost of AO-SBR
was about 30% less than that of ammonia stripping process. It is technically and economically feasible to
pretreat landfill leachate by partial nitrification-denitrification instead of ammonia stripping. This study provides
technical support for upgrading the pretreatment process of landfill leachate treatment plant.
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